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Chimera states are spatio-temporal patterns of synchrony
and disorder observed in homogeneous oscillatory media
with nonlocal coupling. They are characterized by coexis-
tence of distinct spatial regions with regular synchronized
and irregular incoherent motion. Initially discovered for
phase oscillators, chimera states have been also found in
systems of nonlocally coupled discrete maps [1], time-
continuous chaotic systems [2] and have been recently
realized in experiments [3].
We demonstrate the existence of chimera states for
neural oscillators [4]. In detail, we investigate the coop-
erative dynamics of nonlocally coupled neural popula-
tions modeled by FitzHugh-Nagumo systems, where
each individual system displays oscillatory local
dynamics described by a fast activator and slow inhibitor
variable. Applying a phase-reduction technique we show
that off-diagonal nonlocal coupling is a crucial factor for
the appearance of chimera states. In the considered con-
figuration, this off-diagonal coupling is realized by a
rotational coupling matrix that mixes input of the acti-
vator and inhibitor and that is conveniently described by
the coupling phase as a single control parameter. We
analyze the stability of chimera states in the parameter
space of the system and discuss mechanisms of transi-
tions between different chimera types.
Surprisingly, we find that for increasing coupling
strength classical chimera states undergo transitions from
one to multiple domains of incoherence. Then patches of
synchronized dynamics appear within the incoherent
domain giving rise to a multi-chimera state. We find that,
depending on the coupling strength and range, different
multi-chimeras arise in a transition from classical chimera
states. The additional spatial modulation is due to strong
coupling interaction and thus cannot be observed in
simple phase-oscillator models.
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